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GENERAL INTRODUCTION 
More than two billion people subsist on diets that lack essential amino acids, vitamins and 
minerals required for normal growth and development for the prevention of nutritional 
pathologies and disabilities like blindness and mental retardation. Enhancing food security and 
alleviating poverty are major and complementary global priorities. As world population 
continues to expand, with current projection being for an increase from 6 billion people in the 
year 2000 to 9-10 billion by 2050, fisheries products are one of the many food groups that will 
come under increasing pressure (FAO, 2006). Across the world, demand for fish has doubled 
in the last 50 years and production would have to double again in the next 25 years to keep up 
with population growth. The number of people in the world increases every year by 80-90 
million particularly in developing countries. Demand, which has risen at twice the rate of 
human population growth since 1961 has greatly exceeded supply and the problem is growing 
(The World Fish Centre, 2007). However, with the increased awareness of the health benefits 
of eating fish and the ensuring rise in fish prices, these figures are rapidly changing (Craig, 
2002). Thus, the fundamental challenge ahead is to produce and equitably distribute an 
adequate food supply for the growing population. 
To ensure access to the nutritionally adequate food for the improvement in the quality 
of diet of a poor person in the society fish is the only medium, which can serve the very 
purpose. Fish is highly nutritious, tasty, easily digested and fastest growing source of food in 
developing countries. It is the primary source of animal protein for about one sixth of the 
world's population and often the only source of protein for millions of the worlds poor. Fish 
products are comparable to meat and dairy products in nutritional quality. The protein content 
of most fish averages 15 to 20 percent. Fish also contains significant amounts of all essential 
amino acids, particularly lysine and/or the sulphur-containing amino acids. Even in small 
quantities, fish can have a significant positive impact in improving the quality of dietary 
protein by complementing the essential amino acids that are often present in low quantities in 
vegetable based diets. Recent research shows that fish is m.uch more than just an alternative 
source of animal protein. Fish oils and fatty acids are the richest source of a type of fat that is 
vital to normal brain development in unborn babies and infants. Without adequate amount of 
the fatty acids, normal brain development does not take place (FOCOUS, 1995). Also, fish 
meat is generally a good source of the A, B and D vitamins and valuable source of calcium, 
phosphorous, copper, iodine and selenium. Fish is not only a vital food; it is also the source of 
work and money for millions of people around the globe. It has been estimated that over ones 
million people rely on fish as their primary source of protein and some 120 million people are 
employed in fishery related job worldwide (FAO, 2006). Due to increasing consumer's interest 
in health, food sanitation and safety, aquatic food which is safer, healthy and nutritious, is 
increasingly being consumed resulting into levelling off capture fisheries and so most of the 
fishing areas have reached their maximum potential. 
Aquaculture appears to have the potential to make significant contribution to this 
increasing demand for aquatic food in most regions of the world. The United Nations reports 
that nearly half of the world's total food fish supply comes from the aquaculture. With an 
average growth rate of around 8 per cent per year since the mid-1990s, aquaculture is probably 
the fastest growing food-producing sector, yielding almost of 60 million tonnes with a value of 
$70.3 billion in 2004 and in developed nations about 33 million tonnes offish worth about $61 
billion were reported and an additional 40 million tonnes of aquatic food will be required by 
2030 just to maintain the current level of consumption (FAO, 2006). Thus, there is a need to 
increase per capita fish consumption level by increasing fish production. 
India is a very populous country v^th more than a billion people and has vast seas to 
ensure food security through its fisheries and aquaculture policies. Indian fi-eshwater 
aquaculture has grown rapidly during the last two decades. The rapid growth of aquaculture 
has now become the major source of quality protein for human consumption and a significant 
source of foreign currency to many developing countries in the international trade. Identically, 
among the Asian countries, India ranks second in the culture and third in capture fisheries. 
Fortunately, the aquatic resources of India are vast and diversified. The fish production in our 
country has increased by more than 5 times and the contribution of fisheries to the GDP of the 
India has also increased 3 times, a growth arguably one of the highest among the food 
production sector. According to the revised estimates released by the Central Statistical 
Organization, CSO 2006 real GDP accelerated from 7.5 per cent in 2004-05 to 8.4 per cent 
during 2005-06. The Indian economy has thus recorded an average growth of over 8 per cent in 
the last three years (2003-04 to 2005-06). 
Fish culture in India has been an ancient industry mainly in the northern states of 
Bengal, Bihar and Orissa where people stock their ponds with fish fry collected from rivers. 
Concerted efforts are now being made by the Government in almost every state in India to 
popularize fish culture. Enhanced production of fish and its supply in prime condition on a 
basis of regional self-sufficiency are the main objectives of inland fisheries development in 
India (Alikunhi, 1956). With the emergence of aquaculture as a prime food-producing sector, 
the push towards higher yields and faster growth has evolved the enhancement or replacement 
of natural foods with prepared diets. In many aquaculture operations, today, feed accounts for 
more than one-half of the variable operating cost. Therefore, knowledge on nutrition and 
practical feeding of fish is essential to successful aquaculture. Nutritional and feeding 
strategies play a central and essential role in the sustainable development of the aquaculture 
sector. As in other forms of animal husbandry, feeds and feeding are crucial elements in the 
culture of aquatic animals (De Silva and Anderson, 1995). Semi-intensive and intensive culture 
of the freshwater fish is gaining importance in India. As a result, use of supplementary feeds in 
aquaculture has become inevitable for the success of fish culture. The aquafeed formulation 
has also been targeted and revised, to allow more appropriate transition from natural living to 
captivity and to improve the marketable yields (Ozorio et al. 2006). 
Since feed is one of the highest costs in the operation of an aquaculture enterprise, often 
ranging from 30 to 60%, depending on the intensity of the operafion (Shiau, 1988; Akiyama 
and Chwang, 1989; Chamberlain, 1996; D'Abramo and Sheen, 1996; Han et al. 2004; Cortes-
Jacinto et al. 2005; Abimorad and Cameiro, 2007; Piedecausa et al. 2007; Martins et al. 2007), 
any reduction in the feed cost either through their development; improved husbandry or other 
direct or indirect means is, therefore, crucial to the development and well being of the industry. 
The developments of new species-specific diet formulations support the aquaculture 
industry as it expands to satisfy increasing demand for affordable, safe and high quality fish 
and seafood products (Craig, 2002). The paucity of knowledge on nutritional requirements, 
scientific formulations of feeds and data on on-farm feed evaluation have come on the way of 
developing cost-effective feed formulation for larval, grow-out and brood stock fishes which 
necessitates immediate detailed studies. Availability of commercial fish feed formulation for 
supplementary feeding that caters to the nutrient needs of cultured fishes is one of the limiting 
factors for both intensive and semi-intensive fish farming in the country (Devaraj and 
Seenappa, 1991). Fish raised in a relatively small confinement at high stocking density must 
receive the required nutrients and energy in the form of protein and amino acids, fat and fatty 
acids, and carbohydrate. In addition non-energy nutrients, minerals and vitamins are also 
adequately required to support life and promote growth (Halver, 1976). The optimization of 
fish production requires research into feeding techniques, which promote good growth and at 
the same time reduce the quantity of waste products released in the water. Also feed cost 
generally constitutes the largest variable cost in intensive fish production, therefore, 
formulation of cost effective feeds can significantly influence the profitability. 
Energy and protein are classified as two of the most important nutritional components 
for the aquaculture of animals (NRC, 1993). A proper balance of protein and non-protein 
energy is required to supply calories and amino acids for rapid growth and efficient feed 
utilization and to maintain fish flesh that is high in protein and low in fat (Tibbetts et al. 2001). 
The failure to include adequate quantities of protein and energy in the diet results in the 
reduced growth, whereas excessive quantities of energy results in undesirable fat deposition 
and limit consumption of essential nutrients since fish like other animals eat to meet their 
energy requirement (Page and Andrews, 1973; Lovell, 1989; Cho and Kaushik, 1990; Cho, 
1990; NRC, 1993; Tibbetts et al. 2001; Bureau et al. 2002; Lee et al. 2002; Cho et al. 2005; 
Mohseni et al. 2007). To express their maximum growth potential, animals require balanced 
diet that meet their nutritional needs at each stage of development (Sa et al. 2006). Protein is 
one of the most important nutrients for fish, being needed for tissue growth, maintenance and 
reproduction, or to enter the catabolic pathways as an important energy source. Protein 
requirements of fish are influenced by different factors such as age, quality of the diet in terms 
of protein, the amino acid composition, digestibility of the proteins, lipid-derived energy. 
protein-energy ratio, feeding ratio, water temperature and salinity which is reflected in growth 
and fish quality. (Tacon and Cowey, 1985; NRC, 1993; Elangovan and Shim, 1997; Erfanullah 
and Jafri, 1998; Coote et al. 2000; Priyanka and Garg, 2001; Lee and Kim, 2001; Yang et al. 
2002; Yang et al. 2003; Cho et al. 2005; Nankervis and Southgate, 2006; Marti'Nez-Palaciou, 
2007) The capacity of the fish to synthesize protein de novo fi-om carbon skeleton is limited 
and thus it has to be supplied in the diet (Wilson, 1989; Hepher, 1998; Priyanka and Garg, 
2001). Use of protein for energy is generally undesirable because of the high cost of protein 
relative to carbohydrate and lipid, as well as its preferential utilization for tissue synthesis and 
growth (Winfree and Stickney, 1981; Cho and Kaushik, 1990; Cho, 1990; NRC, 1993; Cho 
and Shiau, 1996; Tibbetts et al. 2001; Gonzalez et al. 2001; Bureau et al. 2002; Johnston et al. 
2003; Lee and Kim, 2005; Kim and Lee, 2005; Borba et al. 2006; Ozorio et al. 2006; Mohseni 
et al. 2007). Although fish typically have lower energy requirements than other animals, the 
contribution of protein to meet these requirements has been estimated higher (Kaushik and 
Medale, 1994). Indeed, if protein is included in excess in the diets, cost of the diet increases 
unnecessarily and the excess of protein is catabolized, leading to an excess of nitrogen load to 
the environment (Jobling and Wandsvik, 1983; Daniels and Robinson, 1986; Cai and 
Summerfelt, 1992; Buttle et al. 1995; Cai et al. 1996; Tidwell et al. 1996; Tibbetts et al. 2000; 
Ng et al. 2001; Catacutan et al. 2001; Yang et al. 2002; Lee et al. 2002; Deepak and Garg, 
2003; Yang et al. 2003; Sales et al. 2003; Kalla et al. 2004; Islam and Tanaka, 2004; Luo et al. 
2004; Cortes-Jacinto et al. 2005; Kim and Lee, 2005; Tibbetts et al. 2005; Sa et al. 2006; 
Mohseni et al. 2007); thus reducing the quality of the water of the culture system. It is the 
source of building material for growth, important in the production of enzymes (Steffens, 
1989) and is the basic component of animal tissues and, therefore, considered as an essential 
nutrient for maintenance, growth and as a precursor of other nitrogenous compounds like 
enzymes, hormones, slurry, neurotransmitters, cofactors, etc. Thus a consistent intake of 
protein is required, since the fish continually uses it to build new tissues and inadequate levels 
of protein in the diet result a reduction in growth and loss of weight. However when excess of 
protein is supplied in the diet only part of it is used for protein synthesis and the remaining is 
transformed into energy (Wilson, 1989; Catacutan and Coloso, 1995; Ali and Al-Asgah, 2001; 
Ovie et al. 2005). Fish digest protein to obtain free amino acids, which are absorbed from the 
intestinal tract and used by various tissues to synthesize new protein (Wilson and Halver, 
1986). 
Numerous investigators have utilized various semi-purified and purified diets to 
estimate the protein requirement of fish. Most of these values have been estimated from the 
dose-response curves, yielding the minimum amount of dietary protein, which resulted in 
maximum growth. The protein requirement offish is much higher, two or four times than those 
of other vertebrates (Mertz et al. 1969). Protein deficient diet results in reduced growth of the 
fish (Brecka et al. 1995; Shiau and Lan, 1996; Huang and Shyong, 1998; Shyong et al. 1998). 
Therefore, an adequate knowledge of protein requirement is necessary. Dietary protein 
requirement of cultured fish species such as salmonids (DeLong et al. 1958; Lall and Bishop, 
1977), ictalurids (Garling and Wilson, 1976; Khan et al. 1993), cyprinids (Ogino and Satio, 
1970; Takeuchi et al. 1979), cichlids (Mazid et al. 1979; Wang et al. 1985), gilthhead 
seabream, Chrysophrys mykiss (Sabaut and Luquet, 1973), rainbow trout, Oncorhynchus 
mykiss (Safia, 1974; Kim et al. 1991; Morales et al. 1994; Yamamoto et al. 2000), yellowtail, 
puffer, Takifugu obscurus (Kanazawa et al. 1980; Bai et al. 1999), bass, Micropterus doromieu 
(Anderson et al. 1981), African catfish, Clarias gariepinus (Machiels and Henken, 1985; 
Degani et al. 1987; Ali and Jauncey, 2005), Walking catfish, Clarias batrachus (Chuapoehuk, 
1985; Khan and Jafri, 1990; Hassan and Jafii, 1994), tilapia, Oreochromis (Siddiqui et al. 
1988; DeSilva et al. 1989; El-Sayed and Teshima, 1992; Ogunji and Wirth, 2002; El-Saidy and 
Gaber, 2005), Shingi, Heteropmustes fossilis (Akand et al. 1989), rabbit fish, Siganus guttatus 
(Parazo, 1990), bighead carp, Aristichthys nobilis (Santiago and Reyes, 1991), hybrid striped 
bass, Morone chrysops x M. saxatilis (Nematipour et al. 1992), Malaysian fi-eshwater catfish, 
Mystus nemurus (Khan et al. 1993; Ng et al. 2001), seabass, Dicentrarchus labrax (Ballestrazzi 
et al. 1994), brown trout, Salmo trutta (Arzel et al. 1995), South African abalone, Haliotis 
midae (Britz 1996; Britz and Hecht, 1997; Sales et al. 2003), Eurasian perch, Perca fluviatilis 
(Fiogbe et al. 1996), snakehead, Chanm striata (Mohanty and Samantary, 1996) Atlantic 
halibut, Hippoglossus hippoglossus (Aksnes et al. 1996; Hatlen et al. 2005), grouper, 
Epinephelus malabaricus (Shiau and Lan, 1996; Luo et al. 2004), Florida pompano, 
Trachinotus carolinus (Lazo et al. 1998), Formosan Zacco, Zacco barbata (Shyong et al. 
1998), gilthead seabream, Sparus aurata (Lupatsch et al. 1998), yellow perch, Perca flavescens 
(Ramseyer and Garling, 1998), Chilean scallop, Argopectan purpuratus (Uriate and Farias, 
1999), cuneate drum, Nibea miichthioides (Wang et al. 2000), Atlantic salmon, Salmo salar 
(Sveier et al. 2000; Mundheim et al. 2000; Nordgarden et al. 2002), Amercian eel, Anguilla 
rostrata (Tibbetts et al. 2000), haddock, Melanogrammus aeglefmus (Kim and Lall, 2001; Kim 
et al. 2001), masu salmon, Oncorhynchus masou (Lee and Kim, 2001), spotted sand bass, 
Paralabrax maculatofasciatus (Gonzalez et al. 2001), channel catfish, Ictalurus punctatus 
(Cho and Lovell, 2002; Li et al. 2006), silver perch, Bidyanus bidyanus (Yang et al. 2002), 
olive flounder, Paralichthys olivaceus (Kim et al. 2002), ayu, Plecoglossus altivelis (Lee et al. 
2002), red drum, Sciaenops ocellatus (Webb Jr. and Gatlin, 2003), turbot, Scophthalmus 
maximus (Lee et al. 2003), minnows, Spinibarbus hollandi (Yang et al. 2003), crayfish, Cherax 
quadricarinatus (Cortes-Jacinto et al. 2003; Thompson et al. 2005; Gonzalez et al. 2006), 
European catfish, Silurus glanis (Schon et al. 2004), swordfish, Xiphophorus helleri (Chong, 
2004), turbot, Scophthalmus maximus (Peres and Teles, 2005), white seabream, Diplodus 
sargus (Sa et al. 2007), pacu, Piaractus mesopotamicus (Abimorad et al. 2007), pikeperch, 
Sander lucioperca (Schulz et al. 2007), Juvenile Mexican Silverside, Menidia estor 
(Marti'Nez-Palacios, 2007) and Nile tilapia, Oreochromis niloticus (Ng and Hanim, 2007) 
have been worked out, information on the protein requirement of Catla catla, the fish imder 
study, is variable and scanty (Singh and Bhanot, 1988; Mohanty et al. 1990; Khan and Jafri, 
1991; Seenappa and Devaraj, 1995; Murthy and Naik, 2000; Kalla et al. 2004). 
Metabolization of protein by fish should be directed towards body protein synthesis 
rather than energy supply (Shiau, 1997; Kim et al. 2006; Borba et al. 2006). Optimal protein 
utilization can be achieved by increasing the dietary energy concentration through the inclusion 
of non-protein energy sources, such as lipid and carbohydrate (El-Sayed and Garling, 1988; 
Chou and Shiau, 1996; Nankervis et al. 2000; Watanabe et al. 2001; Ovie et al. 2005; Kim and 
Lee, 2005; Lee and Kim, 2005; Borba et al. 2006; Ozorio et al. 2006; Tan et al. 2007). In the 
proper proportions, these nutrients can improve protein utilization, thus reducing nitrogen 
excretion and enhancing the quality of fish from effluent discharge (Kaushik and Medale, 
1994; Bureau et al. 2002; Sa et al. 2006; Borba et al. 2006). The reduction of protein level in 
the feed formulation and increase in the dietary lipid level to compensate the protein for energy 
requirement not only increases the fish growth but also reduces the feed cost (Phillips et al. 
1969; Marimuthu and Sukumaran, 2001; Borba et al 2006). Dietary lipid is a major source of 
energy in the fish feed and has protein sparing action (Watanabe, 1982; Beamish and Medland, 
1986; Sargent et al. 1989; Cho and Kaushik, 1990; De Silva et al. 1991; Ellis and Reigh, 1991; 
Hillestad and Johnsen, 1994; Helland and Grisdale-Helland, 1998; Torstensen et al. 2000; 
Martino et al. 2002; Satpathy et al. 2003; Kim and Lee, 2005; Ovie et al. 2005; Wang et al. 
2005; Sa et al. 2006; Tan et al. 2007; Hu et al. 2007). It supplies energy and provides essential 
fatty acids needed for structural maintenance of membranes and proper functioning of many 
physiological processes (Watanabe, 1982; Mukhopadhyay and Rout, 1996; Sheen and Wu, 
1999; Ruyter et al. 2000; Marimuthu and Sukumaran, 2001; Hernandez et al. 2001; Martino et 
al. 2002; Wang et al. 2005; Priya et al. 2005; Cortes-Jacinto et al. 2005; Borba et al. 2006). 
They are completely digestible by most of the fish species (Sargent et al. 1989; Mukhopadhyay 
and Rout, 1996; Marimuthu and Sukumaran, 2001; Priya et al. 2005; Borba et al. 2006) and 
seem to be favoured over carbohydrate as an energy source (Ellis and Reigh, 1991; NRC, 
1993; Mukhopadhyay and Rout, 1996; Kim and Lee, 2005; Hari and Kurup, 2006). The 
optimum protein/ energy ratio is economically important for fish producers to produce 
maximum amount of flesh at minimal cost (El-Dahhar and Lovell, 1995; Tibbetts et al. 2001; 
Lee et al. 2002; Schon et al. 2004; Cho et al. 2005; Mohseni et al. 2007). 
Dietary lipid are not only used in animal tissues as an energy source and in structural 
matters, they are also important for transporting nutrients especially for fat soluble vitamins 
(NRC, 1993; Ruyter et al. 2000; Ovie et al. 2005). They also exhibit many hormonal activities 
(NRC, 1993; Ovie et al. 2005). Although lipid is generally recognized as the major non-protein 
energy-yielding molecule for fish, high levels of lipid may bring problems to product quality 
(Jauncey, 1982; Borlongan et al. 1992) as well as can adversely affect fish body composition 
(Hanley, 1991; Wang et al. 2005; Tan et al. 2007). 
Although quantitative lipid requirements have been worked out for many fish species 
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(Kean et al. 1985; Leray and Pelletier, 1985; Degani, 1986; Daniels and Robinson, 1986; 
Koven et al. 1989; Stickney and Hardy, 1989; Hanley, 1991; De Silva et al. 1991; Ellis and 
Reigh, 1991; Berge and Storebakken, 1991; Koven et al. 1992; Ibeas et al, 1994; Geurden et al. 
1995; Webster et al. 1995; Anwar and Jafri, 1995; Mukhopadhyay and Rout, 1996; Erfanullah 
and Jafri, 1998; Mukhopadhyay and Mishra, 1998; Hillestad et al. 1998; Vergara et al. 1999; 
Peres and Teles, 1999; Jover et al. 1999; Santinha et al. 1999; Buchet et al. 2000; Chou et al. 
2001; Regost et al. 2001; Lee, 2001; Nanton et al. 2001; Martino et al. 2002; Lee et al. 2002; 
Kim et al. 2002; Caho et al. 2003; Johnston et al. 2003; Thongrod et al. 2003; Lin and Shiau, 
2003; Lee et al. 2003; Borba et al. 2003; Satpathy et al. 2003; Kim and Lee, 2004; Mishra and 
Samantai-y, 2004; Skalli and Robin, 2004; Pie et al. 2004; Fotedar, 2004; Kim and Lee, 2005; 
Schulz et al. 2005; Morals et al. 2005; Luo et al. 2005; Lopez et al. 2005; Cho et al. 2005; 
Tibbetts et al. 2005; Wamwiza et al. 2005; Du et al. 2005; Miller et al. 2005; Ovie et al. 2005; 
Kim and Lee, 2005; Martino et al. 2005; Ali and Jauncey, 2005; Fontagne et al. 2006; Molnar 
et al. 2006; Sa et al. 2006; Borba et al. 2006; Seiliez et al. 2006; Ling et al. 2006; Kim et al. 
2006; Skalli et al. 2006; Subhadra et al. 2006; Abimorad et al. 2007; Martins et al. 2007; 
Schulz et al. 2007; Schuchardt et al. 2008), very little information is available (Seenappa and 
Devaraj, 1995; Murthy and Naik, 2000) on lipid requirement of the fish under study. 
Excess of dietary protein is wasteful and stress the animal while excess of energy is 
directed towards fat synthesis in fish (Kaushik and Medale, 1994; Tibbetts et al. 2001). Thus, it 
is important to determine the proper level of protein as well as lipid in diets because an 
imbalance in either non-protein energy source in diets may have adverse influences on growth, 
nutrient utilization and body lipid deposition (Garling and Wilson, 1976; Kim and Lee, 2005). 
11 
Among the carps in India there are several species, which grow rapidly and attain large size. 
These are popularly known as the major carps. The most important of these are Catla, Catla 
catla, the Rohu, Labeo rohita and the Mrigal, Cirrhinus mrigala (Alikunhi, 1956). Nutrition 
research with carp under controlled conditions has mainly concerned the common carp, 
Cyprinus carpio, with limited work undertaken with other cyprinids such as the grass carp, 
Ctenopharyngodon Idella or the Indian major carp species such as rohu, L. rohita., mrigal, C. 
mrigala and Catla, C catla (Kaushik, 1995). 
Catla is endemic to the reverine system in Northern India, Indus Plain and adjoining 
hills of Pakistan, Bangladesh, Nepal and Myanmar and also has been introduced later into 
almost all reverine system, reservoirs and tanks all over India. The species has also been 
introduced elsewhere including Srilanka, Israel, Japan, and Mauritius. At present Catla forms 
an integral component species in polyculture with rohu, L. rohita and mrigal, C. mrigala and 
six species composite carp culture which adds common carp, C. carpio, grass carp, C. idella 
and silver carp, Hypothalmichthys molitrix. Under normal condition it grows to 1-1.2 Kg in the 
first year compared to 700-800g and 600-700g for rohu while mrigal, respectively. Catla, the 
second most important species after rohu while mrigal being the third is used as the integral 
component in carp polyculture system in all the countries where it is reared. Being the surface 
feeder it is highly preferred by consumer and it is the fastest growing species among the three 
Indian major carps (FAO, 2000-2007). 
India has already drawn up a strategic plan for doubling freshwater aquaculture 
production through increase in productivity and area. Since Catla forms an important 
component of the carp polyculture system, it can be expected that there will be a significant 
increase in its production in India by 2015. Bangladesh is also expected to enhance production. 
12 
The present study was, therefore, undertaken with a view to generate data on the dietary 
protein and lipid requirement of Catla catla and the findings are presented in the form of this 
dissertation. The study provides information on the protein and lipid requirement, which could 
be used for developing protein and energy balanced diet for intensive culture of this species. 
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GENERAL METHODOLOGY 
Rearing tanks for the reoring of fry 
Acclimatization of Indian major carp fry, Cotia catia 
on experimental diet 
Source of fish stock and their acclimatization 
Induced bred fry C. catla were procured from G. B. Pant University of Agriculture & 
Technology, Pantnagar. These were transported to the wet laboratory in oxygen filled 
polythene bags, given the prophylactic dip in KMn04 solution (1:3000), and stocked in rearing 
tanks (water volume 5000L) for a fortnight. During this period, the fish were fed to satiation a 
mixture of soybean, mustard oil cake, rice bran and wheat bran in the form of moist cake thrice 
a day at 0800, 1200 and 1700 hours. These were then acclimatized for one week on casein-
gelatin based (40% CP) H-44G diet (Halver, 2002) near to satiation. 
Feeding trial 
Fish of the desired size and number were sorted out from the acclimatized fish lots maintained 
in the wet laboratory. These were stocked in triplicate groups in 70L high-density polyvinyl 
circular troughs (water volume SSL) fitted with continuous water flow-through system. The 
water exchange rate in each trough was maintained at 1.0-1.5 L/min. After carefully observing 
the feeding behavior of the fish and feed intake, they were fed ad lib six days a week thrice a 
day at 0800, 1200 and 1700 h. The feeding trial lasted for eight weeks. Initial and weekly body 
weights were recorded on a top loading balance (Precisa 120A; O.I mg sensitivity, Oerlikon, 
AG, Zurich, Switzerland). Troughs were siphoned off to remove faecal matter before feeding 
daily. Accumulation of the diet at the bottom of the trough was avoided. Uneaten food was 
siphoned off immediately, dried in a hot air oven and reweighed to measure the amount of food 
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Flow-through system used for conducting the feeding 
trials 
Kjeltec Tecator TM^^°° used for the estimation of 
proteins in the sample 
then transferred to a desiccator, cooled and reweighed. The difference between the weight of 
the flask before and after gave the quantity of crude fat extracted fix)m the unknown amount of 
the sample. The result was expressed as percentage on dry weight basis. 
Crude protein 
The estimation was done using Kjeltec Tecator^ ^" '^ Foss, Hoeganaes, Sweden. A known 
quantity of sample was taken in Kjeltec digestion tubes. To this, 0.8g of copper sulphate, 7.0g 
potassium sulphate and 12 ml. of concentrated sulphuric acid were added. The content was 
digested in the digester of the instrument. The process of digestion continued for 30 minutes. 
Now the digested sample was cooled at room temperature and titrated automatically in 
distillation unit of the instrument. The level of protein displayed on the screen was noted down. 
Gross energy 
Gross energy was determined on a ballistic bomb calorimeter (Gallenkamp, Loughborough, 
England). Prior to estimate, a known quantity of dried powdered sample (0.5-1.Og) was taken 
in metallic crucible and compacted carefully to increase the rate of combustion at 25 lb oxygen 
pressure. The heat generated upon combustion was read on the modulated galvanometer scale, 
and converted to energy equivalent, worked out earlier using the thermo chemical grade 
benzoic acid (6.32 kcal/g) as a standard. The gross energy was expressed as kcal/g. Energy of 
ingredients used in the test diet was calculated as 5.52, 4.83, 3.83 and 9 kcal/g for casein, 
gelatin, dextrin and fat, respectively as estimated on Gallenkamp ballistic bomb calorimeter. 
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Assessment of growth and conversion efficiencies 
Calculations of the growth parameters were made according to the following formulae (Wee 
and Tacon, 1982; Tabachek, 1986; Hardy, 1989; Gunasekera et al. 2000; Abidi and Khan, 
2007): 
W -W 
Gain in live weight (%) = -^ ^ x 100 
Specific growth rate (%) = '°^^^^ " ^ "^^ '^ x 100 
W2 = Final weight of fish 
Wi = Initial weight of fish 
D = Duration of the feeding trial (days) 
r, . . . Dry weight of feed consumed Feed conversion ratio = —=- ^-^ 
Wet weight gain 
Protein efficiency ratio = ^^^—— 
Protein consumed {dry weight basis) 
Protein productive value = Protein gain 
Proteinfed(TFxCP) 
Protein gain = Final carcass protein x final body weight-Initial carcass protein x initial body 
weight 
TF = Total amount of diet consumed 
CP = Percentage of crude protein in diet 
Statistical analyses 
Responses of fry C. catla fed graded levels of protein and lipid were measured by live weight 
gain per cent, feed conversion ratio (FCR), protein efficiency ratio (PER), specific growth rate 
(SGR) and by analyzing the carcass composition. These response variables were subjected to 
one-way analysis of variance (ANOVA) (Snedecor and Cochran, 1968; Sokal and Rohlf, 
1981). To determine significant differences (P<0.05) among the treatment means, Duncan's 
Multiple Range Test (Duncan, 1955) was employed. Second-degree polynomial regression 
analysis (Zeitoun et al. 1976) was used to find out the optimum level in the growth curve to 
predict more accurate response to the dietary intake. All the statistical analyses were done 
using Matlab (version 7.1) and SPSS (version 13.0). 
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Table 1 Composition of mineral mixture* 
Minerals g l^^ ^g 
Calcium biphosphate 13.57 
Calcium lactate 32.69 
Ferric citrate 02.97 
Magnesium sulphate 13.20 
Potassium phosphate (Dibasic) 23.98 
Sodium biphosphate 08.72 
Sodium chloride 04.35 
Aluminium chloride.6H20 0.015 
Potassium iodide 0.015 
Cuprous chloride 0.010 
Magnous sulphate. H2O 0.080 
CobaU chloride.eHjO 0.100 
Zinc sulphate 0.300 
*Halver 2002 
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Table 2 Composition of vitamin mixture'*' 
Vitamins g/lO '^g 
Alpha cellulose 2.000 
Choline chloride 0-500 
Inositol 0.200 
Ascorbic acid 0.100 
Niacin 0-075 
Calcium pantothenate 0.050 
Riboflavin 0.020 
Menadione 0.004 
Pyridoxine HCl 0.005 
Thiamin HCl 0.005 
Folic acid 0.0015 
Biotin 0.0005 
Alpha tocopherol acetate** 0.040 
Vitamin B,2*** 0.00001 (0.5 ml) 
•Halver 2002 
** Incorporated with oil 
***(I0mg/500mlH2O) 
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Effect of dietary protein levels on growth, conversion efficiency 
and carcass composition of Catla, Catla catla (Hamilton) 
introduction 
The success of commercial aquaculture operation depends on a variety of factors. One key 
biological component is the availability of suitable diets that are efficiently digested and 
provide the required nutrients to support good grov^h and health. Feed is one of the highest 
cost factors of an aquaculture-entrepreneur (Chamberlain, 1996; D'Abramo and Sheen, 1996; 
Coote et al. 2000; Marimuthu and Sukumaran, 2001; Cruz-Suarez et al. 2002; Cortes-Jacinto et 
al. 2005; Martins et al. 2007) reaching up to 50% of the total expenses (Akiyama and Chwang, 
1989; Sehagal and Toor, 1991; Shiau, 1998; Vielma et al. 2000; Garcia Garcia et al. 2001; 
Yang et al. 2002; Martinez-Cordova et al. 2003; Han et al. 2004; Cortes-Jacinto et al. 2005; 
Fasakin et al. 2006; Piedecausa et al. 2007). Feed wastage is expensive for farmers who spend 
up to 50% of their variable cost on feed (Lawrence and Lee, 1997). Additionally, waste 
nutrients can have detrimental effects on water quality and ultimately fish health and growth. 
The requirement level for dietary nutrients is the basis for their inclusion. Fish feed should 
contain all the nutrients in balanced amount. Among these nutrients, protein is usually given 
the priority as it is considered the main nutrient affecting fish growth and also the most 
expensive component in the diet of fish (Mai et al.l995; Catacutan and Coloso, 1995; 
Elangovan and Shim, 1997; Ali and Al-Asgah, 2001; Gonzalez et al. 2001; Kim and Lall, 
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2001; Cho et al. 2001; Sales et al. 2003; Johnston et al. 2003; Ward et al. 2003; Cortes-Jacinto 
et al. 2003; Kim and Lee, 2005; Lee and Kim, 2005; Cortes-Jacinto et al. 2006; Tan et al. 2007; 
Luo et al. 2007), therefore, dietary protein levels directly affect production cost. Moreover, 
due to its high cost, it is also the single nutrient responsible for the major proportion of 
compounded diet costs (Chou and Shiau, 1996; Borba et al. 2006; Sa et al. 2006). Therefore, 
protein requirement studies on fish are the most important aspect of the aquaculture and are 
one of the first and foremost necessary information for successfiil aquaculture (Ng et al. 2001; 
Kim et al.2001; Wilson 2002; Sales et al. 2003; Luo et al. 2004; Abbas et al. 2005; Debnath et 
al. 2007; Kvale et al. 2007). Although insufficient dietary protein does not allow fish to express 
their maximum growth potential, excess dietary protein is not desirable, both from an 
economical and environmental point of view. Indeed, if protein is included in excess in the 
diets, price increases unnecessarily and the excess of protein is catabolized, leading to an 
excess of nitrogen load to the environment (Jobling and Wandsvik, 1983; Daniels and 
Robinson, 1986; Tibbetts et al. 2000; Catacutan et al. 2001; Ng et al. 2001; Lee et al. 2002; 
Yang et al. 2002; Deepak and Garg, 2003; Yang et al. 2003; Sales et al. 2003; Kalla et al. 
2004; Islam and Tanaka, 2004; Luo et al. 2004; Cortes-Jacinto et al. 2005; Kim and Lee, 2005; 
Tibbetts et al. 2005; Sa et al. 2006). Deficiency of dietary protein may impede physiological 
function in fish, affecting yield. Thus the optimum use of protein for promotion of growth is 
essential so as to make aquaculture commercially viable and also to prevent organic load in the 
ecosystem, which ultimately leads to pollution. (Singh et al. 2006). 
Protein requirements are always studied in aquaculture species with the aim of 
determining the minimum amount required to produce maximum growth for energy (Catacutan 
et al. 2001). The dietary requirement for energy in fish is uniformly high irrespecfive of their 
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dietary habits and ranges from 35-55% in general (Tacon and Cowey, 1985; Wilson and 
Halver, 1986; Moore et al. 1988; NRC, 1993; Tibbetts et al. 2000; Lupatsch et al. 2001; Yang 
et al. 2002; Ai et al. 2004; Mayer and Fracalossi, 2004; Wamwiza et al. 2005; Sa et al. 2006; 
Deng et al. 2006). 
C catla, the fish under study, is a potentially important freshwater fish species cultured 
in Asia particularly in the Indian subcomponent as a component of polyculture system. 
Because of its acceptance as an excellent food fish, high market price and adaptability to 
intensive culture systems, ready acceptance of formulated feeds and relatively rapid growth 
rate, it has been considered a suitable species for commercial culture. Since catla forms an 
important component of the carp polyculture system, it can be expected that there will be a 
significant increase in its production in India by 2015. In contrast to quality commercial prawn 
feeds that are readily available in India, there is an acute paucity of nutritionally sound, cost-
effective feeds for finfish in general and for Indian Major Carps (IMC) in particular. There is, 
therefore, an urgent need to develop low cost, nutritionally balanced IMC diets that can support 
increased production levels (Lakshmanan et al. 1967; Murthy and Devaraj, 1991; Jose et al. 
2006). 
Although dietary protein requirement of cultured fish species (Please see page 7-9) 
have been worked out, information on the protein requirement of C. catla is variable and 
scanty (Please see page 9). 
The present study was, therefore, undertaken to optimize the dietary protein 
requirement of fry C. catla. 
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Material and methods 
Preparation of experimental diets 
Six isoenergetic (4.28 kcal/g gross energy) purified diets with graded levels of protein (25%, 
30%, 35%, 40%, 45% and 50%) were prepared. The dietary range necessary to quantify the 
protein requirement was taken keeping in view the information available on this fish (Singh 
and Bhanot, 1988; Mohanty et al. 1990; Khan and Jafii, 1991; Seenappa and Devaraj, 1995; 
Murthy and Naik, 2000; Kalla et al. 2004). Diets were made isoenergetic by adjusting the 
amount of dextrin. 
Method of preparation of experimental diets has been discussed under general 
methodology section (Page 15). 
Experimental design and feeding trial 
Source of the fish, their acclimation and details of the general experimental design has already 
been discussed under the general methodology section (Page 14-15). 
C. catla fry (2.52±0.02cm; 0.32±0.02g) were sorted out fi-om the above acclimated 
stock and randomly distributed in triplicate groups in 70-L circular polyvinyl troughs (water 
volume 55 L ) fitted with a continuous water flow-through (1-1.15 L min"') system at the rate 
of 20 fish per trough for each dietary treatment level. Fish were fed test diets in the form of 
crumbles to satiation thrice daily at 0800, 1200 and 1700h. No feed was offered to the fish on 
the day they were weighed. Initial and weekly weights were recorded on a top loading balance 
(Precisa 120 A; 0.1 mg sensitivity, Oerlikon AG, Zurich, Switzerland). The feeding trial lasted 
for 8 weeks. Faecal matter and unconsumed feed, if any, were siphoned before feeding. The 
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water quality parameters monitored daily was within acceptable limits throughout the 
experiment and recorded following standard methods (APHA, 1992). The average water 
temperature, dissolved oxygen, free carbon dioxide, pH and total alkalinity over the 8 week 
feeding trial, based on daily measurements, were 27.0-28.5 °C, 6.6-7.5 mg L"', 5-10.5 mg L ' , 
7.3-7.9 and 65-81 mg L"', respectively. 
Proximate analyses 
Proximate composition of casein, gelatin, experimental diets, and initial and final carcass was 
estimated using standard methods as detailed earlier (Please see page 16-17). Six sub samples 
of a pooled sample of 40 fishes were analyzed for initial carcass composition. At the end of the 
experiment 10 fishes from each replicate of dietary treatments were pooled separately. Six 
subsamples from each pooled replicate were analyzed for final carcass composition. 
Statistical analyses 
Statistical analyses of growth data were done using procedures detailed earlier (Please see page 
19). 
Results 
Effects of dietary protein levels on growth parameters are presented in Table 2. Over the eight 
weeks growth trial, significant differences (P<0.05) were observed in live weight gain per cent 
of fry C. catla fed diets containing graded levels of protein. The average final weight of fish 
increased considerably from the initial value in all the dietary treatments. However, the highest 
live weight gain (311%), SGR (2.54), FCR (1.60), PER (1.64) and PPV (0.29) values were 
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recorded in the group receiving 40%protein. Poor growth and efficiency of feed utilization 
were evident in fish fed diets containing protein below and beyond 40% of the dry diet. 
Survival in different treatments was high and varied between 97-100%. 
In order to generate more precise data on protein requirement value for Catla fry all the 
growth data were subjected to second-degree polynomial regression analysis. On subjecting the 
live weight gain data to second-degree polynomial regression analysis (Zeitoun et al. 1976), a 
break point was evident at 40.72% dietary protein (Fig.l). The relationship being; 
Y= -0.777X^+63.284X-987.801 (R^=0.991) 
The FCR of Catla catla fry fed 40% protein diet differed significantly (P<0.05) from the other 
levels of dietary protein inclusion. The FCR (Y) to dietary concentrations of protein (X) 
relationship was estimated by the following second-degree polynomial regression equation 
(Fig. 2), a break point was evident at 42.0% of the protein. The relationship being; 
Y= 0.0130X^-1.077X+24.244 (R^=0.978) 
The SGR (Y) to dietary protein levels (X) relationship was described by the second-
degree polynomial regression analysis (Fig. 3). A break point occurred at 40.90%. The 
relationship being; 
Y=-0.005X^+0.372X-5.100(R^=0.992) 
The PER (Y) to dietary concentrations of protein (X) relationship was estimated by the 
following second-degree polynomial regression equation (Fig. 4). A break point was obtained 
at 39.30% of the protein. The relationship being; 
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Y= -0.004X^-H).330X-4.933 ( R M . 9 6 5 ) 
Similarly, the protein productive value data (Y) to dietary protein levels (X) relationship was 
described by the following second-degree polynomial regression equation (Fig. 5). A break 
point was obtained at 39.91% of protein. The relationship being; 
Y= -0.001X^+0.064X-1.009 (R^=0.976) 
On the basis of the above second-degree polynomial regression analysis, maximum 
weight gain, best FCR, highest SGR, PER and maximum PPV occurred at 40.72, 42.0, 40.90, 
39.30% and 39.91% of the dietary protein, respectively. 
Data related to carcass composition are summarized in Table 3. Carcass composition of 
fry C. catla was also affected with the levels of protein in the diet. Significantly higher 
(P<0.05) carcass protein content was noted in fish fed diet with 40% protein compared to other 
treatment levels. Similar trend was observed for the protein productive value indicating 
efficient utilization of the dietary protein at this level. Moisture content was found to decrease 
significantly with the increase in the dietary protein levels beyond 40% in the diet (Diet V and 
VI). However, a significanf (P<0.05) increase in the carcass fat content was noted with the 
increase in dietary protein level beyond 40%. A continuous decrease in carcass ash was 
recorded with the increase in dietary protein levels. 
Discussion 
The results of the present study demonstrated that an optimum level of dietary protein is 
prerequisite for the faster growth of fry C. catla as fish fed dietary protein below and beyond 
40% could not perform well. The study pointed to the fact that the growth is function of dietary 
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protein level consumed. Weight gain offish increased with increasing dietary protein level up 
to 40% and decreased at higher protein levels. A similar trend has been observed in many other 
fish species irrespective of culture strategies (Jauncey, 1982; Cho et al. 1985; Khan, 1991; 
Vergara et al. 1996; Bai et al. 1999; Ng et al. 2001; Kim et al. 2002; Kim and Lee, 2005; Wang 
et al. 2006). This decrease in weight gain at protein level above the optimum level may be 
because of a reduction in available energy for growth due to inadequate non-protein energy 
necessary to deaminate and excrete excess absorbed amino acids (Jauncey, 1982; Cho et al. 
1985; Vergara et al. 1996; Kim et al. 2002). The optimum protein level values obtained for fry 
C. catla during the present study are higher than the values reported for Catla, C. catla, 30-
35% (Seenappa and Devaraj, 1995), rohu, L. rohita, 35% (Satpathy et al. 2003), bighead carp, 
A. nobilis 30% (Santiago and Reyes, 1991), grey mullet, Mugil capita, 24% (Papaparaskeva et 
al. 1986), Nile tilapia, O. niloticus, 25% (El-Saidy and Gaber, 2005), juvenile golden shiners, 
Notemigonus crysoleuas, 29% and goldfish, Carassius auratus 32% (Lochmaim and Phillips, 
1994), big head carp, A. nobilis, 30% (Santiago and Reyes, 1991), walking catfish, C. 
batrachus. 30% (Chaupoehuk, 1987), Nile tilapia, O. niloticus, 30% (Siddiqui et al. 1988), 
juvenile silver perch, B. bidaynus, 31% (Yang et al. 2002), Shingi, H. fossilis, 27.73-35.43% 
(Akand et al. 1989), South African abalone, H. midae, 35.87% (Sales et al. 2003). Further, data 
obtained during the present study for fry C. catla is comparable to the protein requirement 
values reported for rohu, L. rohita, 40% (Khan, 1991), mrigal, C mrigala, 40% (Khan, 1991), 
African catfish, C. gariepinus, 40% (Degani et al. 1989), juvenile masu salmon, O. masu, 40% 
(Lee and Kim, 2001), mangrove red snapper, Lutjanus argentimaculatus, 40% (Catacutan et al. 
2001), juvenile blackspot seabream, Pagellus boaravo, 40% (Silva et al. 2006), cuneate drum, 
A^. miichthioides, 40% (Wang et al. 2006), Chanos chanos, 40% (Jana et al. 2006), Persian 
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sturgeon, Acipensor persicus, 40% (Mohseni et al. 2007) and almost equal to the requirement 
reported for Malaysian catfish, M. nemurus, 42% (Khan et al. 1993) and is lower than the 
requirement reported for pike perch, S. lucioperca 43% (Wamwiza et al. 2005), African 
catfish, C gariepinus, 43% (Ali and Jauncey, 2005), bagrid catfish, M. nemurus 44% (Ng et al. 
2001), grouper, E. malabaricus, 44% (Shiau and Lan, 1996), juvenile olive flounder, P. 
olivaceus, 46.4-51.2% (Kim et al. 2002), Catla, C. catla, 47% (Singh and Bhanot, 1988), 
American eel, A. rostrata, 47% (Tibbetts et al. 2000), juvenile haddock, M. aeglefinus. 54.6% 
(Tibbetts et al. 2005) brown trout, S. trutta. 57% (Arzel et al. 1995) and juvenile turbot, S. 
maximus, 55% (Cho et al. 2005). Apart from species differences, the high protein requirement 
of C. catla may also be due to the small size of the fish as the protein requirement of the fish 
varies with the size and age (NRC, 1993) and is higher for fiy and comparatively lower for the 
fingerling stage. Comparison of protein requirements among fish species is complicated by 
differences in fish size, diet formulation and culture condition among studies. Results of most 
protein requirement studies indicate that fish need relatively high (33-55%) protein for their 
growth (Tacon and Cowey, 1985; Wilson and Halver, 1986; Moore et al. 1988; NRC, 1993; 
Tibbetts et al. 2000; Lupatsch et al. 2001; Ai et al. 2004; Mayer and Fracalossi, 2004; 
Wamwiza et al. 2005; Sa et al. 2006; Deng et al. 2006). During the present study, the dietary 
protein requirement was estimated using dose-response curve, which is considered in principal 
as a standard method for determining dietary requirements (Cowey, 1995). The results of the 
present study indicate that inclusion of the dietary protein in the range of 39.37-42.0% protein 
is optimum for achieving maximum growth, best FCR, highest SGR and PER and maximum 
protein productive value. Protein efficiency ratio is influenced by dietary protein level and it 
varies with the species (Dabrowski, 1979). In the present study, PER increased with the 
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increase in dietary protein up to the requirement level and then decreased among the groups fed 
more than the required level of protein in the diet. The pattern of PER obtained in present study 
is similar to that reported for Catla (Khan and Jafri, 1991). Similar results were also reported 
for other fish species (Parazo, 1990; Priyanka and Garg, 2001; Kalla and Garg, 2003; Mohseni 
et al. 2007). On the other hand, a decrease in PER was noted with the increase in dietary 
protein level in rohu, L rohita and mrigal, C mrigala (Khan 1991), grass carp, C. idella 
(Dabrowski, 1977), Zilli tilapia, Tilapia zilli (Mazid et al. 1979), Mossambique tilapia, 
Sarotherodon mossambicus (Jauncey, 1982), bighead carp, A. nobilis (Santiago and Reyes, 
1991), bagrid catfish, M nemurus (Khan et al. 1993), goldfish, C auratus (Lochmann and 
Phillips, 1994), brown trout, S. trutta (Arzel et al. 1995), gilthead seabream, S. aurata 
(Santinha et al. 1999), mangrove red snapper, L. argentimaculatus (Catacutan et al. 2001), 
juvenile ayu, F. altivelis (Lee et al. 2002), olive flounder, P. olivaceus (Kim et al. 2002), 
juvenile minnows, S. hollandi (Yang et al. 2003), climbing perch, Anabas testudineus (Ghosh 
and Das, 2004) and in Atlantic salmon, S. salar (Abboudi et al. 2006). 
In the present study, as the protein level increased beyond optimum level, a marked 
depression in carcass protein deposition was noted. This indicates that an increase in protein 
energy could be beneficial to feed utilization (Kim and Lall, 2001; Wang et al. 2006). Dietary 
protein levels affected the body protein, fat and ash content of fiy C. catla. Lowest carcass 
protein was noted in fish fed diets containing 25% protein in the diet. Carcass protein content 
was maximum in fish fed diets with 40% protein. Maximum protein productive value at this 
level also supports the above requirement indicating more efficient utilization of protein in the 
diet to support maximum growth. These results are in accordance with the results reported for 
Nile tilapia, O. niloticus (Siddiqui et al. 1988), goldfish, C. auratus (Lochmann and Phillips, 
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1994), mangrove red snapper, L argentimaculatus (Catacutan et al. 2001), juvenile haddock, 
M. aeglefmus (Kim et al. 2001), juvenile ayu, P. altivelis (Lee et al. 2002), juvenile minnows, 
S. hollandi (Yang et al. 2003) and shingi, H. fossllis (Deepak and Garg, 2003). On the other 
hand, carcass protein was not affected by dietary protein level in rohu L. rohita (Khan et al. 
2005), channel catfish, /. punctatiis (Reis et al. 1989), Florida red tilapia, Tilapia rendalli 
(Clark et al. 1990) and brown trout, S. trutta (Arzel et al. 1995). The observation on the effect 
of dietary protein on carcass fat content was evident. Similar effects, were also noted in 
rainbow trout (Satia, 1974), grass carp, C. idella (Dabrowski, 1977), Malaysian freshwater 
catfish, M. nemurus (Khan et al. 1993), grouper, E. malabaricus (Chen and Tsai, 1994; Shiau 
and Lan, 1996) and shingi, H. fossilis (Deepak and Garg, 2003) and was not influenced by 
varying protein levels in big head carp, A. nobilis (Santiago and Reyes, 1991). 
On the basis of second-degree polynomial regression analysis of live weight gain%, 
FCR, SGR, PER and PPV data, it is concluded that fry C. catla require protein in the range 
39.30-42.0% of the diet. There were no obvious benefits in terms of growth and nutrient 
retention beyond this level and the protein requirement information established during the 
present study would be usefiil for formulating artificial diets and minimizing the nitrogenous 
waste output in intensive culture system for the fry C. catla. 
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Summary 
Effects of various levels of dietary protein on growth, conversion efficiencies and carcass 
composition of Indian major carp fry, Catla catla (2.52±0.02cm; 0.32±0.02g) were evaluated 
by conducting an 8-week feeding trial. Casein-gelatin based (4.28 kcal/g gross energy) 
purified diets were formulated to contain graded levels of protein (25%, 30%, 35%, 40%, 
45% and 50%). Triplicate groups of fishes were fed to satiation at 0800, 1200 and 1700h. 
The feeding trial was conducted in eighteen 55-L indoor polyvinyl circular troughs provided 
with a water flow-through system at 28+1 °C. Significant increases in live weight gain, FCR, 
SGR, PER and PPV was recorded with the increase in dietary protein levels up to 40% of the 
diet beyond which it decreased significantly (P<0.05). Fish fed diets containing 40% dietary 
protein reflected the highest live weight gain (311%), besc FCR (1.60), highest SGR (2.54) 
and PER (1.64) which differed significantly from those fed diets with 25%, 30%, 35% 
protein. Also, carcass protein (17%) and protein productive value (0.29) were found to 
increase significantly up to 40% dietary protein beyond which a significant fall with respect 
to increase in dietary protein was evident. A continuous decrease in the carcass ash was 
recorded with the increase in the dietary protein levels. Carcass fat was found to increase 
with the dietary protein levels and the maximum fat content was recorded among the groups 
fed on Diet V and VI containing 45 and 50% protein. In order to obtain more precise 
information on the effects of feeding diets with different levels of protein, second-degree 
polynomial regression analyses of live weight gain%, FCR, SGR, PER and PPV was 
performed. On the basis of break-points obtained for live weight gain%, FCR, SGR, PER and 
protein productive value, it is recommended that inclusion of dietary protein in the range of 
39.3-42.0% in the diet is optimum for the rearing of fry Catla catla. 
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Fig. 1 Second-degree polynomial relationship of live weight gain % to dietary protein 
levels 
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Y=-0.777X^+63.284X-987.801 (R^=0.991) 
Dietary protein levels (%) 
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Fig. 2 Second-degree polynomial relationship of feed conversion ratio to dietar 
protein levels 
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Fig. 3 Second-degree polynomial relationship of specific growth rate % to dietary 
protein levels 
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Fig. 4 Second-degree polynomial relationship of protein efficiency ratio to dietary 
protein levels 
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Fig. 5 Second-degreje polynomial relationship of protein productive value to dietary 
protein levels 
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Fig. 5 Second-degree polynomial relationship of protein productive value to dietary 
protein levels 
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Chapter 
Effects of dietary lipid level on growth, conversion 
efficiency and carcass composition of Catla, Catla catla 
(Hamilton) 
Introduction 
The Indian major carp, Catla, C. catla; rohu, L rohita and mrigal, C. mrigala are fast 
growing fish attaining size of 800-lOOOg in less than a year and are generally propagated 
on extensive and or intensive scale in polyculture system (Jhingran and Pullin, 1988). 
Catla, the second most important species after rohu while mrigal being the third is used as 
the surface feeder component in carp polyculture system in all countries where it is 
reared. It is the fastest growing species among the three Indian major carps. As Catla is a 
commercially cultured species, lowering production cost could certainly enhance the 
opportunities for an economical culture of this species. Sparing protein from use as an 
energy source such that it may be used in protein synthesis is one means of making feeds 
more economical (McGoogan and Gatlin, 1999). 
Fish are known to utilize protein preferentially to lipid or carbohydrate as an 
energy source. Dietary protein is the most important factor affecting growth performance 
of the fish and feed cost (Kim et al. 2006). Also when dietary protein level is increased 
excessively relative to energy, protein beyond that actively needed for growth can be 
broken down and used for energy with an inherent increase in ammonia production. An 
additional drawback is that ammonia, which is known to be detrimental to fish health at 
high levels, is produced in response to protein being used for energy (McGoogan and 
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Gatlin, 1999). Ballestra22i et al. (1994) found that ammonia excretion of seabass 
increased linearly with protein level of the diet. It clearly suggests that nitrogen excretion, 
resulting from protein catabolism for energy can be reduced by increasing the non-protein 
content of the diet, this means decreasing the digestible protein to digestible energy ratio. 
However despite the environmental interest, such energy-dense diets are wasteful and 
directed towards fat synthesis in fish (Watanabe, 1982; Kaushik and Medale, 1994; 
Tibbetts et al. 2001), which can reduce the commercial value of the product when it 
comes in viscera (Santinha et al. 1999). As fish consume food to satisfy their energy 
requirement, excess dietary energy may limit intake of essential nutrients like protein and 
amino acids (Tibbetts et al. 2001) also an insufficient energy supply from non-protein 
sources generally causes protein catabolism to meet the energy requirement at the cost of 
nutrient supply for somatic growth. It is, therefore, important to include appropriate 
levels of non-protein energy sources in fish diets to improve the efficiency of protein 
utilization known as protein-sparing (Steffens, 1981; Wilson and Halver, 1986; Dias et al. 
1998; Grisdale-Helland and Helland, 1998; Helland and Grisdale-Helland, 1998). 
The reduction of protein level in the feed formulation and increase in the dietary 
lipid level to compensate the protein for energy requ^ment not only increases the fish 
growth but also reduces the feed cost from economic point of view (Phillips, 1969). 
Dietary lipid is a major source of energy in fish feeds and it has got protein-sparing action 
(Garcia et al. 1981; Beamish and Medland, 1986; Watanabe, et all987; Sargent et 
aI.1989; Ellis and Reigh, 1999; Calduch-Giner et al. 1999; Ozorio et al. 2001; Mayer and 
Fracalossi, 2004; Ovie et al. 2005; Lee and Sang, 2005; Schulz et al. 2007). 
The protein sparing effect of dietary lipid has been investigated in several 
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freshwater fish species (Ramchandra and Gopakumar, 1981; Viola and Arieli, 1983; Das 
et al. 1991). Amongst the major nutrients in feed, lipid deserves special mention due to its 
high calorific value than the protein and carbohydrates. Lipids are almost completely 
digestible by fish and seem to be favoured over carbohydrate as an energy source. 
Dietary lipids supply energy and provide essential fatty acids needed for structural 
maintenance of membranes and proper functioning of many physiological processes 
(Cowey and Sargent, 1977; Cho et al. 1985; Ellis and Reigh, 1991; Priya et al. 2005). 
Although quantitative lipid requirements have been worked out for many fish 
species (Please see page 11), very little information is available on lipid requirement of 
this fish. 
The present study, therefore, undertaken with a view to generate data on the lipid 
requirement of C. catla which could be used for developing lipid balanced, cost-effective 
diet for economical culture of this species on commercial scale. 
Materials and methods 
Experimental diets 
Six isonitrogenous (35% CP) and isoenergetic (4.28 kcal/g gross energy) test diets were 
prepared with graded levels of lipid (3%, 5%, 7%, 9%, 12% and 15%). In order to spare 
protein, the level of protein in the experimental diets was fixed at 35% of the diet which 
is lower than that reported for C. catla (Khan and Jafri, 1991; Seenappa and Devaraj, 
1995; Murthy and Naik, 2000). The dietary range necessary to quantify the lipid 
requirement was undertaken keeping in view the information available on this fish 
(Seenappa and Devaraj, 1995; Murthy and Naik, 2000). Diets were made isoenergetic by 
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adjusting the amount of dextrin. 
Preparation of experimental diets 
Method of preparation of experimental diets has been discussed under general 
methodology section (Page 15). 
Feeding trial 
Source of the fish, their acclimation and details of the experimental design has already 
been discussed under the general methodology section (Page 14-15). 
C catla (2.39±0.05cm; 0.28±0.03g) were stocked randomly in triplicate groups in 
70-L circular polyvinyl troughs (water volume 55-L) fitted with a continuous flow-
through system at the rate of 20 fish per troughs for each dietary treatment levels. The 
fish were fed experimental diets to apparent satiation divided over three feeding 
schedules at 0800, 1200 and 1700h. No feed was offered to the fish on the day they were 
weighed. The feeding trials lasted for eight weeks. Initial and weekly body weights were 
recorded on a top loading balance (Precisa 120A; AG, Oerlikon, Zurich, Switzerland). 
Troughs were siphoned off to remove faecal matter before feeding daily. Any uneaten 
feed was siphoned off immediately, dried in a hot air oven and reweighed to measure the 
amount of feed consumed. Water quality parameters were recorded daily during the 
feeding trial (APHA, 1992). The average water temperature, dissolved oxygen, free 
carbon dioxide, pH and total alkalinity based on daily measurements were 26.5-28.9 °C, 
67-7.1 mg L-', 5.5-10.7 mg L"', 7.5-7.8 and 65.7-80.5 mg L'', respectively. 
Proximate analyses 
Proximate composition of casein, gelatin, experimental diets, and initial and final carcass 
was analyzed using standard methods (Please see page 16-17). Six subsamples of a 
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pooled sample of 40 fishes were analyzed for initial carcass composition. At the end of 
the experiment, all 20 fishes from each replicate of dietary treatments were pooled 
separately and analyzed for final carcass composition. 
Statistical analyses 
Statistical analyses of growth data were done using procedures detailed earlier (Please see 
page 19). 
Results 
Over the 8-week growth trial, significant differences were observed in live weight gain 
per cent of the fi-y C catla fed diets containing different levels of dietary lipid (Table 2). 
Fish receiving 9% dietary lipid reflected a maximum gain in weight (329%) while those 
fed diets with lower lipid levels showed reduced weight gain and efficiency of feed 
utilization. However, fish fed higher levels of lipid could not provide additional growth. 
Live weight gain and feed conversion ratio of fish improved (P<0.05) as dietary lipid 
level increased from 3 to 9% of the diet whereas at higher levels growth responses were 
almost constant or slightly reduced (P>0.05), indicating that 9% lipid diet satisfied the 
requirement and is considered optimum for achieving maximum growth and excellent 
conversion efficiency in fi-y C. catla. Maximum live weight gain per cent (329%), best 
FCR (1.36), SGR (2.60%), PER (2.11) and PPV (0.39) values were obtained for the fish 
fed diet with 9% lipid (Diet IV). Poorest FCR (3.99), lowest SGR (1.42%), PER (0.72) 
and PPV (0.10) were observed for fish fed diet containing 3% lipid (Diet I). 
On subjecting the live weight gain data to quadratic regression analysis (Zeitoun 
et al. 1976), a break point was evident at 10.77% lipid of the diet (Fig. 1). The 
relationship was described by the following equations: 
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Y= 3.243X^-69.85X+63.657 (R^=0.955) 
The FCR of fry C. catla fed 9% protein differed significantly firom the other levels of 
dietary lipid inclusion. The FCR (Y) to dietary protein level (X) relationship was 
estimated by the following second-degree polynomial regression equation: 
Y= 0.043X^-0.944X+6392 (R^=0.982) 
Based on the above equation, the estimated FCR occurred at approximately 10.94% lipid 
of the diet (Fig. 2). 
The SGR of fry C. catla fed 9% lipid in the diet differed significantly from other 
levels of dietary lipid inclusion. The SGR (Y) to dietary lipid level (X) relationship was 
estimated by the following second-degree polynomial regression equation: 
Y= -0.018X^+0.400X+0.398 (R^=0.976) 
Based on the above equation, the estimated SGR occurred at a dietary lipid level of 
approximately 10.84% of the diet (Fig. 3). 
Also, the PER of fry C. catla fed 9% protein diet differed significantly from the 
other levels of dietary protein inclusion. The PER (Y) to dietary protein level (X) 
relationship was estimated by the following second-degree polynomial regression 
equation: 
Y= -0.024X^+0.505X-0.655 ( R M . 9 6 2 ) 
Based on the above equation, the estimated PER occurred at a dietary lipid level of 
approximately 10.52% of the diet (Fig. 4). 
Similarly, the PPV of fry C catla fed 9% lipid diet differed significantly from the 
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other levels of dietary lipid inclusion. The PPV (Y) to dietary lipid level (X) relationship 
was estimated by the following second-degree polynomial regression equation: 
Y= -0 J94X^+7.855X-9361 (R^=0.980) 
Based on the above equation, the estimated PPV occurred at a dietary lipid level of 
approximately 9.97% of the diet. 
On the basis of the above polynomial equations, the maximum live weight gain 
per cent, best FCR, SGR, PER and highest PPV occurred at 10.77%, 10.94%, 10.84%, 
10.52% and 9.97% lipid in the diet, respectively. 
Carcass composition of fry C. cada was significantly (P<0.05) affected by the 
dietary lipid levels (Table 3). Maximum carcass protein was recorded in fish fed diet 
containing 9% protein (Diet IV). Fish fed diets containing more than 9% lipid did not 
show any improvement in its carcass protein content. Dietary lipid levels significantly 
(P<0.05) affected carcass moisture and ash content which showed a sharp decline with 
the increase in the dietary lipid levels beyond 9%. 
Discussion 
In just a few decades, fish farming has developed into a highly efficient industry 
producing animal protein for human consumption. Besides good growing conditions, 
having a reliable supply of effective feeds is a prerequisite for productive and sustainable 
fish farming (Piedecausa et al. 2007). A recent trend in commercial feed formulation has 
been to increase fat. Fish in general have the ability to use fat for energy purpose sparing 
protein for growth (Beamish and Medland, 1986; Sargent, 1989; Cho and Kaushik, 1990; 
DeSilva, 1991; Ellis and Reigh, 1991; Hillestad and Johnsen, 1994; Anwar and Jafii, 
1995; Santinha et al. 1999; Vergara et al. 1999; Martino et al. 2002; Satpathy, 2003; 
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Wang et al. 2005; Ovie et al. 2005; Lee and Sang, 2005) resulting in improved feed 
efficiency and growth (Einen and Roem, 1997; Hillestad and Johnsen, 1994) but there is 
concern that high fat feeds can also lead to increase in body and visceral fat (Helland and 
Grisdale-Helland, 1998; Company et al. 1999) and reduce product yield and quality 
(Einen and Skrede, 1998; Rasmussen et al. 2000). 
The results of the experiment conducted in the present study clearly demonstrated 
that lipid is essential in the diet of Catla fiy for growth and survival and 9% dietary lipid 
inclusion is essential for optimal growth. Earlier studies on species like channel catfish, /. 
punctatus (Dupree, 1969; Stickney, 1984), rainbow trout, S. gairdneri (Watanabe et al. 
1979; Reinitz and Hitzel, 1980), red drum, S. ocellatus (WiUiam and Robinson, 1988; 
Ellis and Reigh, 1991; Serrano et al. 1992), grouper, E. coioides (Shiau and Lan, 1996; 
Lin and Shiau, 2003; Luo et al. 2005), juvenile grass carp, C idella (Du et al. 2005), 
juvenile haddock, M. aeglefinus (Tibbetts et al. 2005) indicated dietary lipid 
incorporation of 6-12% for optimal growth offish. 
The increase of dietary lipid levels should be carefully considered as it may affect 
carcass quality mainly because of an increase of lipid deposition (Tan et al. 2007). During 
the present study, carcass lipid was positively correlated with dietary lipid. Therefore, 
increasing the lipid levels from 3 to 15% in the diet resulted in a linear increase in the 
carcass fat content with the maximum value obtained for the group fed at 15% lipid in the 
diet. This is in agreement with the results on other fish species such as rainbow trout, O. 
mykiss (Lee and Putnam, 1973), channel catfish, /. punctatus (Garling and Wilson, 1977), 
common carp C carpio (Takeuchi et al. 1979), red drum S. ocellatus (Ellis and Reigh, 
1991), hybrid striped bass, M. chrysops X M. saxatilis (Nematipour et al. 1992), hybrid 
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Clarias catfish (Jantrarotai et al. 1994), European seabass juveniles D. labrax (Peres and 
Teles, 1999), rainbow trout O. mykiss (Rasmussen et al. 2000), juvenile haddock, M 
aeglefinus (Nanton et al. 2001), largemouth bass, M. salmoides (Portz et al. 2001), 
surubim, Pseudoplatystoma coruscans (Martino et al. 2002), rohu, L. rohita (Satpathy et 
al. 2003) and Chinese longsnout catfish, Leiocassis longirostris (Tan et al. 2007) which 
showed that an increase in carcass lipid was usually associated with an increase in dietary 
lipid content. A slight reduction in protein productive value was noted at higher dietary 
lipid levels that may be due to inefficient utilization of protein at higher energy levels 
(Diet V and VI). 
The growth of C catla fed 35% protein with 9% lipid is almost identical to that 
fed 40% protein with 7% lipid (chapter 1) indicating that 5% protein could be spared by 
adding 2% additional lipid. On the basis of the second-degree polynomial regression 
analysis of live weight gain%>, FCR, SGR, PER and PPV data, it is concluded that dietary 
lipid in the range of 9.97-10.94% is appropriate for maximum growth, efficient feed 
utilization of 35% CP diet for Catla fry. The information generated during the present 
study could be successfully used for saving the protein to be used as energy thus saving 
the input cost without affecting the quality of the product and promoting high growth 
rates of the fry C catla. -^^ j ' , ' *»'-*^ ?^S* 
A ' 
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SUMMARY 
The present study was undertaken to determine the optimum dietary lipid level that could 
spare dietary protein required for fiy Catla, Catla catla (2.39±0.05cm; 0.28±0.03g) by 
feeding six isonitrogenous (35% CP) and isocaloric (4.28 kcal/g, GE) experimental diets 
with graded levels of lipid (3%, 5%, 7%, 9%, 12% and 15%) for 8-weeks in triplicate 
groups. Live weight gain per cent (329%), SGR (2.60%), PER (2.11) and PPV (0.39) 
were significantly higher (P<0.05) in fish fed 9% lipid in the diet. Best FCR (1.36) was 
also recorded at this level. On the basis of the second-degree polynomial regression 
analysis of live weight gain%, FCR, SGR, PER and PPV data, it is concluded that dietary 
lipid in the range of 9.97-10.94% is appropriate for maximum growth, efficient feed 
utilization of 35% CP diet for Catla fiy. Also, since the growth of C catla fed 35% 
protein with 9% lipid is almost identical to that fed 40% protein with 7% lipid (chapter 1) 
indicated that 5% protein could be spared by adding 2% additional lipid. Carcass 
composition data also supported the above dietary lipid inclusion. The data generated 
during the present study would be useful for manufacturing cost-effective starter diets for 
fry C catla. 
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